For two centuries evolutionary biologists have sought to explain elevated biodiversity in the Neotropics. Although different process are known to be important, it is still not uncommon for researchers to emphasize a single mechanism. Recently, arguments have highlighted the importance of dispersal shaping community structure and evolution across the region. We examine this hypothesis by visualizing spatial variation in community structure for the majority of South American passerines (Aves) across the northern half of South America. By sampling over a contiguous area we show how community structure varies widely across Amazonia and surrounding regions. Our results support a combination of processes including: the inability of species to disperse across geographic barriers, Andean uplift, and variation in habitat type. Although dispersal is a factor, our results emphasize a lack of dispersal, driven primarily by features of the landscape, coupled with historical changes in climate to be important drivers of Neotropical diversity.
Introduction
Quantifying spatial variation in community structure has been a long-standing area of research (MacArthur 1958 (MacArthur , 1972 as it allows insight into large-scale processes shaping biodiversity (Cornell and Harrison 2014) . In the Neotropics, this began with the region's earliest explorers, but it was Jurgen Haffer (1969) who initiated modern biogeographical research into the subject with his detailed assessments of Amazonian forest bird distributions. Through the years, Haffer's model in which diversification was driven by climate change during the Pleistocene has been challenged and largely dismissed, although it is difficult to completely refute any hypotheses about historical patterns and processes across this vast region which is known to have had a long and complicated history (Hoorn et al. 2010) . Contemporary evaluation of the relevant contributions of different historical processes for any given taxonomic group uses not only information on the distributions of taxa, but also increasing availability of phylogenetic data for larger and larger portions of biodiversity (Losos 1996 , Webb et al. 2002 .
From a community ecology perspective, there are two principal factors that promote species diversity in a community: in situ speciation and geographic dispersal (Ricklefs 1987) . Both processes equally increase species richness, but have different effects on the resulting community structure. In situ speciation will, on average, generate communities of more closely related species (Richman 1996) whereas dispersal will produce a more taxonomically diverse collection of species (Cadotte 2006) . These processes are, however, not mutually exclusive. For instance, communities can be the result of one or more colonization events followed by in situ speciation (Díaz-Pérez et al. 2008) .
Understanding the relative contributions of in situ speciation and dispersal in shaping different communities has been greatly aided by the use of phylogenetic data (reviewed by Tucker et al. 2017) . Phylogenetic data can help separate the two processes by providing the shared ancestry for a range of taxa. Specifically, greater in situ speciation will create a greater number of shorter branches within a community, where as dispersal will increase the number of long branches in a community as a result of more disparately related species being included (Webb 2000) . Quantifying and comparing differences in community phylogenetic structure therefore make it possible to make inferences about historical processes (Fig. 1) .
Recent studies on the South American biota suggest that the paradigm regarding how communities are shaped to be shifting away from the influence of biogeographic and climatic processes (Robinson et al. 2000 , Herzog and Kattan 2011 , Ribas et al. 2012 ) to dispersal being the main driver of diversification and community assembly (Smith et al. 2014 , Dexter et al. 2017 , Oliveira et al. 2017 ). Dispersal ability is expected to positively correlate with diversification rate if it facilitates colonization of new areas and the crossing of geographic barriers (Claramunt et al. 2012, Weeks and Claramunt 2014) . The argument that dispersal drives diversification, and subsequently community structure, overlooks that dispersal, while essential to expanding the distributions of organisms, is ultimately a homogenizing force that maintains connectivity as it persists through time (Bohonak 1999, Coyne and Orr 2004) . Instead, it is lack of movement between populations that facilitates diversification (Coyne and Orr 2004) . With dispersal at all diversification is also unlikely, supporting that it may be intermediate levels of dispersal that stimulate diversification (Claramunt et al. 2012, Weeks and Claramunt 2014) .
Here, we evaluate the following question: are patterns of diversity distribution consistent with dispersal being the primary driver of community assembly for South American passerines? If historical dispersal has heavily influenced community structure, communities should have proportionally lower phylogenetic relatedness than expected given the species diversity (Fine et al. 2014 , Dexter et al. 2017 . Conversely, if for instance, in situ speciation is more important then communities would have greater phylogenetic relatedness. We evaluated relatedness using two phylogenetic approaches to calculating community structure, minimum pairwise distance and minimum taxon distance, as well as calculating which communities deviated from the expected relationship between species richness and phylogenetic diversity (Webb 2000 , Tucker et al. 2017 ).
Material and methods
Quantifying the taxonomic diversity of communities first requires construction of a community matrix specifying the species present at each location. The geographic bounds of a community are specified a priori, and can be a region (as large as a country), or specific locations (e.g. field stations). Here, we take advantage of large, comprehensive data sets on distributions and phylogenetic relatedness in passerine birds in an attempt to minimize bias regarding which locations should be chosen. Sample locations were individual points, equally spaced at 0.1° intervals across the northern half of South America. In total, we estimated community relatedness at 102 590 grid points. We recorded species presence at each sampling location using custom R scripts (R Core Team), available in the supplementary material, using the species distribution data set assembled by BirdLife International and NatureServe (2012) . These data are based on substantial knowledge of species ranges, including specimen data. Figure 1 . Example of how two metrics of community structure, mean nearest taxon distance (MNTD) and mean pairwise distance (MPD), are affected in two hypothetical island communities of equal species richness depending on whether in situ speciation or geographic dispersal predominantly shapes community structure.
A potential bias of these data is a tendency to over-emphasize the importance of rivers; however, we note that growing numbers of phylogeographic studies have documented ample specific and intra-specific genetic structure that is and is not associated with rivers (d 'Horta et al. 2013 , Smith et al. 2014 , Ferreira et al. 2017 . Nevertheless, here, we aim to mitigate this potential problem by broad biological species sampling facilitating the inclusion of taxa representing a broad continuum of dispersal capabilities. We also recognize that point data are sometimes considered a better alternative than shape files in such studies; however, we note that these data also are susceptible to potential limitations, namely having large areas that are undersampled, and difficulty evaluating records that may be vagrants. Point data would also minimize the number of locations at which community structure could be calculated, and those locations would likely be non-random as they are anticipated to be at field stations or sites which are more readily accessible, therefore creating potentially biased results (Nelson et al. 1990 ). With the shapefile data, we assume occurrence across regions where the species may not be sampled. We sampled across 19 families, resulting in the inclusion of 1783 species, 89% of all South American passerines. We constructed a species diversity map using the community matrix. This was done by calculating the row sums of the matrix as rows correspond to sample locations, and each column represents a single species.
For each point on the grid (or 'community') we calculated the mean pairwise distance (MPD, Webb 2000) and the mean nearest taxon distance (MNTD, Webb 2000) between species. MPD is the mean of all pairwise phylogenetic distances between species in a given community/region; and MNTD is the mean of the phylogenetic distance between each species and its closest relative in a given community/ region. For both metrics, a lower score indicates communities that are more closely related, and higher values are those comprised of more distantly related taxa (i.e. more phylogenetically overdispersed, Webb 2000 , Webb et al. 2002 . Phylogenetic data for these analyses consisted of 100 trees sampled from the posterior distribution of Jetz et al. (2012) . The MPD and MNTD for each grid point were calculated using each phylogeny in turn, with the mean and standard error for each sampling location calculated from the resulting matrices. We calculated MPD and MNTD scores in R using the package PhyloMeasures (Tsirogiannis and Sandel 2015) . To appraise the how topological variation in the sampled phylogenies affected MPD and MNTD estimates, we calculated the t statistic for each grid point as the ratio between the mean and standard error of the two metrics, and plotted the distribution (Rangel et al. 2015) . As well as visualizing the distribution of these scores, we tested for spatial autocorrelation of MPD and MNTD scores respectively by calculating the Moran's I metric (Moran 1950) in the R package raster (Hijmans 2017) .
We performed an additional test for community overor under-dispersion using the relationship between species diversity and phylogenetic diversity. Phylogenetic diversity is the sum of the branch lengths leading to a group of species (Faith 1992) . As phylogenetic diversity has a strong positive correlation with species diversity, deviation from this relationship can inform about how communities are assembled. Specifically, communities with less phylogenetic diversity than predicted are likely to have had greater in situ speciation, whereas communities with greater phylogenetic diversity are more likely to have experienced greater dispersal. We performed a linear regression between species and phylogenetic diversity for each grid point, and recorded those points which where above and below the 90%, 95%, and 99% confidence intervals for this regression respectively. We also calculated this regression using a standardized measure of phylogenetic diversity to correct for variation in species richness (Sandel 2017) .
Finally, we calculated two additional metrics of community structure: relative phylogenetic diversity (RPD, Mishler et al. 2014) and Jaccard phylogenetic dissimilarity (Lozupone and Knight 2005) . The RPD metric is similar to the regression between phylogenetic diversity and species richness as it differentiates regions that have more or less phylogenetic diversity than expected given the species richness (Mishler et al. 2014) . It differs in that it compares the observed scores, at each location, against scores calculated from phylogenetic data where the branch lengths are transformed to be equal. The Jaccard dissimilarity index measures the phylogenetic similarity between communities, allowing hypotheses as to why communities may be similar or different (Koleff et al. 2003 , Lozupone and Knight 2005 , Graham and Fine 2008 . Higher values signify regions that contain more evolutionary distinct taxa. By computational necessity we analyzed a subset of the data points for the Jaccard dissimilarity index (14 684 data points). Both of these metrics were calculated in the program Biodiverse (Laffan et al. 2010 ).
Data deposition
Data available from the Dryad Digital Repository: < http:// dx.doi.org/10.5061/dryad.vt25dc9 > (Crouch et al. 2018).
Results
A species diversity map generated using the community matrix produced a result concordant with previous analyses (Jenkins et al. 2013 ). This result is somewhat expected given that we used much of the same spatial data. Seven sample points had no species recorded, predominantly on the small islands at the mouth of the Amazon river, with one on the southern tip of Grenada. The most speciose grid points had 338 species, found at two locations in southeastern Peru in the foothills of the Andes. There was an approximately bimodal distribution of species richness at the sample points (Supplementary material Appendix 1 Fig. A1 ). 94% of the sample points had more than 100 recorded species, with these locations having a mean of 208. The points with less than 100 species had a normally distributed number of species, with a mean of 50. The most extremely depauperate locations, those with less than 50 species, are found almost exclusively in the coastal deserts of Peru and Chile to the west of the Andes. There also are low diversity regions in the Llanos -an expansive, flat grassland stretching from the Orinoquía region of Colombia into the Orinoco plains of south-western Venezuela -as well as in the Cerrado and Caatinga regions of eastern Brazil. Another pattern that stands out is the outline of the major rivers in the Amazon basin appear as regions of high diversity relative to adjacent regions away from the rivers (Fig. 2) .
Our results do not show high phylogenetic dispersion across all of the study area, with MPD scores showing pronounced spatial heterogeneity (Fig. 3) . MPD scores were uncorrelated with MNTD scores (Pearson's r = 0.05). The seven grid points where no species were recorded had scores of 0, as did an additional location on the Ilha de Maracá, off the east coast of Brazil, where only 1 of the study species is recorded in the spatial data used here. The largest MPD score from a single phylogeny (129), and largest averaged MPD score from all sampled phylogenies (113.6) are from the east coast of Brazil, just south of Natal. This location is depauperate with only six species recorded, but there is not a strong correlation between species richness and MPD score (Pearson's r = 0.04). MPD scores from the rest of the study area were generally concentrated between values of 95 and 105 (Supplementary material Appendix 1 Fig. A1 ).
MNTD scores also vary across the study area but with little correlation with MPD scores (Fig. 3) . The maximum MNTD value location followed the same pattern as that of the largest MPD score. The largest MNTD score from a single phylogeny (95.7) and averaged across all phylogenies (80) were also in the same location, slightly west of Parnaíba, also a depauperate location with 4 recorded species. There was a slight negative relationship between species richness and mean MNTD score (Pearson's r = -0.33). The majority of the MNTD scores were concentrated between 15 and 25 (Supplementary material Appendix 1 Fig. A1 ). As expected, estimated spatial autocorrelation was highest for MPD and MNTD scores in invariant regions (Fig. 4) . This was both for regions of low values, e.g. Andes and Peruvian coast for MPD scores and in the Andean foothills for MNTD scores, and (MNTD (B) ) scores across the study range. Values were averaged across 100 phylogenies sampled at random from the posterior distribution of Jetz et al. (2012) . Bottom row: t values for (MPD (C)) and mean nearest taxon distance (MNTD (D)) highlighting uncertainty due to topological variation in the sampled phylogenetic data. In all figures, the data were categorized into quintiles to aid visualization of the distribution.
regions of high values, e.g. Guianan shield for MPD scores and eastern Brazil for MNTD scores.
Topological variation in the sampled phylogenetic data produced notable variation in both MPD and MNTD scores across the study area (Fig. 3 ). There was a negative correlation between species diversity and in MPD t scores (Pearson's r = -0.57), and a weakly positive correlation with MNTD t scores (Pearson's r = 0.33), although this may be driven by a limited number of outliers . There was little spatial congruence in the range of MPD and MNTD t scores (r = -0.11), with the exception of the coastal deserts of Peru and Chile. Uncertainty in MNTD scores appears somewhat congruent with regions containing a large number of species that were absent from the genetic dataset of Jetz et al. (2012) . Out of the 1783 species, 457 (34%) included here were lacking genetic data in the analysis of Jetz et al. (2012) . Occurrences of these species are concentrated in the areas of greatest species richness -primarily in southern Venezuela, south of the Amazon River, and along the eastern edge of the Andes (Supplementary material Appendix 1 Fig. A2 ).
As expected there is a strong positive correlation between species and phylogenetic diversity (Supplementary material Appendix 1 Fig. A3 ). After performing a regression of this relationship, the majority of the data points fell outside the confidence intervals. This is because the confidence interval is calculated for the regression line, meaning additional data improves the precision of the estimate. Here, we have used 102 590 data points to calculate the regression resulting in only 450, 530, and 725 of the points falling within the respective confidence intervals. The number of points that were above the line, i.e. overdispersed, were 52 118, 52 075, and 51 982 respectively, where as the number of points below the line were 50 022, 49 985, and 49 883 respectively.
Plotting the values that fall outside the confidence intervals revealed pronounced spatial structuring (Fig. 5) . The pattern did not change with difference confidence levels (Supplementary material Appendix 1 Fig. A4 ). This structuring corresponds to aspects of major physical geography and climatically induced biotic patterns across the region. Western Amazonia, the main trunk of the Amazon, Central American lowlands, Orinoco River delta, the Tepuis being under-dispersed. Conversely, the Brazilian Shield, Guianan Shield, Chocó region, Orinoco River, and the eastern slopes of the Andes (including the inter-montane valleys of Colombia are all over-dispersed, as are northern Cerrado, Marajo Island, caatinga, northern Atlantic forest, and the central American highlands. The points that fell inside the confidence intervals were distributed across the study area, largely following the boundaries between over and underdispersed regions (Supplementary material Appendix 1 Fig. A5 ). This result appears to not have been affected by spatial variation in species richness as there was no relationship between a location being identified as under or over-dispersed and species diversity (Supplementary material Appendix 1 Fig. A6 ). The observed pattern did not change when a standardized measure of phylogenetic diversity was used in the regression (Supplementary material Appendix 1 Fig. A7 ). Although the results of the standardized and non-standardized are equivalent, we will limit our discussion to the standardized results.
RPD scores were greatest in the Brazilian Shield, Andean foothils, and in the Guiana shield (Fig. 6 ). There was some variation within this region, although it was less differentiated than the other calculated metrics. The lowest values were concentrated in the regions of lowest species diversity along the Peruvian coast and in the northern Andes. Plotting only RPD values above 750, i.e. excluding the most depauperate regions, did not significantly improve the contrast in the pattern across the remainder of the study area. RPD scores suggest more regions to be over-dispersed compared to the regression between between PD and species richness, for example in central Brazilian shield and in south-eastern Venezuela. Jaccard dissimilarity scores were heavily rightskewed, therefore we log-transformed the values to visualize the distributions (Fig. 6) . The lower resolution of the figure hinders interpretation to an extent; however, the highest values are clearly found along the Andes and central America. There is also signal of the largest Amazonian rivers having higher scores separating regions of lower scores, particularly in the western Brazilian shield.
Discussion
Using published data on geographic range and phylogenetic relationships, we were able to generate detailed maps of passerine community structure to examine hypotheses underlying diversification in Neotropical passerine birds. Following current thinking, hypotheses can be examined from comparisons of the respective maps (Gastauer et al. 2015 , Kellar et al. 2015 , Tucker et al. 2017 . MPD is more sensitive to changes in the relationships between distantly related taxa, and MNTD more responsive to changes at the tips of a phylogeny (Hidasi-Neto et al. 2012) . Therefore, if communities within a region are formed from species which have have recently radiated then MNTD scores will be lower than other areas. On the other hand, if a community is comprised of many old lineages then this will result in higher MPD scores. Recent studies have used comparisons between these metrics to draw conclusions about the processes leading to the assembly of different biotas (Liu et al. 2017 , Dexter et al. 2017 .
For birds and primates, rivers have long been implicated as drivers of Amazonian biodiversity as fragmentation of continuous populations may create allopatric speciation events, a process commonly referred to as the 'riverine barrier hypothesis' (Wallace 1852) . The strength of this hypothesis has been examined over a wide range of taxa, with varying conclusions (Colwell 2000 , Gascon et al. 2000 , Bates et al. 2004 , Funk et al. 2007 , Smith et al. 2014 ). In our results, rivers show up as regions of higher diversity compared to the surrounding areas (Fig. 2) . Given the taxonomic scale (the species level) of the present study, it seems unlikely that this pattern is caused by habitat endemics (Remsen and Parker 1983) . Instead, this observation is likely driven by the spatial data used where rivers are included in the range of a species if they delimit its geographic extent -a pattern commonly seen in Amazonian taxa (Hayes and Sewlal 2004, Vale et al. 2017) .
Our results show that communities separated by rivers are more closely related than those further away, as points along rivers have lower MNTD and MPD scores (Fig. 3) . This effect does not appear to be restricted solely to the lower reaches, with the signal present along the upper Amazon and Napo rivers (Fig. 3) . The pattern suggests a preponderance of more closely related sister taxa being separated by the major rivers of the basin. If rivers separate younger, and therefore more closely related, species then this argues that the inability (as opposed to the ability) of species to cross geographic barriers influences species diversity. This is supported by the signal of phylogenetic turnover seen along the river system (Fig. 6) . For avian species, this effect is thought to be stronger for taxa with reduced dispersal capabilities (particularly understory species, Burney and Brumfield 2009); however, included in our analyses are taxa representing a broad continuum of dispersal capabilities. In a sense, this pattern is consistent with the Smith et al. (2014) contention that dispersal is a major driver of Amazonian diversification. However, we believe there is confusion regarding proximate and ultimate causation here. Dispersal is driven by traits of the organism interacting with its environment (and other organisms), and it can help explain how a species gains its distribution through time. For instance, it is highly likely that species of oscine passerines entered South America from Central America; however, if this expansion is maintained by ongoing dispersal then diversification would not occur (Bohonak 1999 , Coyne and Orr 2004 , Claramunt et al. 2012 . Population genetic theory has long shown that movement of only a few individuals per generation are required to prevent differentiation (Wright 1931) . Instead, it is the combination of factors that subsequently cut off gene flow that ultimately drives diversification.
It is also important to recognize that the effect of temporal changes in Amazonian rivers is still largely undocumented and under-appreciated. In particular, landscape changes due to shifts in river courses may create species distributions that suggest dispersal, but are in fact the result of different processes. Two such potentially common landscape changes are readily apparent to us. First, islands may passively shift from one side of a river to another, and second, rivers may change courses along their routes through time (de Gamero 1996 , Sacek 2014 . Even for poor dispersers, such events can permit the expansion of ranges, but the changing of river courses, or the shifting of islands, are vicariant or landscape change events. In contrast, connection following climate change would be an example of dispersal. These processes could be occurring in almost any part of the basin through time leading to opportunities for establishing isolated populations, and possible subsequent speciation. Given the complexity of the system, it therefore seems that dispersal alone is insufficient for diversification to occur.
Our results suggest a strong and distinctive geographic pattern between over-and under-dispersed regions (Fig. 5) . Over-dispersion was calculated using the relationship between phylogenetic and species diversity (Dexter et al. 2017 ). We show a tight correlation between the two measures and, due to the large number of data points, very narrow confidence intervals. The confidence intervals represent points that had the expected standardized phylogenetic diversity given the number of species in the region. Values higher than the line indicate points with phylogenetically overdispersed communities; those beneath it are under-dispersed. If communities were random assemblies, we might expect the distribution of points that are under-versus over-dispersed to be randomly distributed across geography, but this is not the case (Fig. 5 ).
There are a few seemingly random blocks of both over and under-dispersed points (e.g. an over-dispersed region in the central Amazon); however, the overriding pattern is strongly aligned with a variety of landscape or biogeographic features, and far from random, although the magnitude of this pattern is less strong when analyzed with RPD scores (Fig. 6) . The underlying drivers of these patterns and whether they hold for larger avian data sets will be worthy subjects of additional investigation.
Another significant hypothesis regarding Neotropical diversity is that the Andes are a species pump and Amazonia is a 'museum' (Sedano and Burns 2009, Rull 2011) . Our analyses give partial support for this hypothesis. The greatest support is in the southern extent of the Andes where MPD, MNTD, RPD, and Jaccard values are low (Fig. 3) ; however, species diversity here is also low. Moreover, the western edge of the Amazon basin -stretching from eastern Peru into western Brazil -has high MPD and low MNTD scores. This pattern suggests a combination of both older diverging lineages combined with more recent diversification. The results we present support Bates and Demos (2001) , who asserted that the species pump/museum dichotomy is of limited value in generally differentiating these two regions because evolution is actively proceeding in both. Our results demonstrate this through spatial variation in community structure within both the Andes (northern versus southern, and foothills versus higher elevations) and Amazonia (differences between the Guianan and Brazilian shields, and western Amazonia).
In central Amazonia, low MPD and high MNTD values were found along the mid Negro river and in the southern Guiana Shield (Fig. 3) . This provides evidence for different habitats shaping community structure as this area is a consistent stretch of white sand ecosystems (WSE). WSE are easily characterized by their specialized biota which, for avian communities, have lower species diversity compared to other Amazonian environments (Anderson 1981 , Borges 2004 , Borges et al. 2016 ). This decreased diversity may be driving the low MPD values for WSE, as well as in the southern Guiana Shield. Cohn-Haft et al. (1997) related lower species diversity in the southern Guiana Shield to the lower habitat heterogeneity in the region in comparison to sites closer to the Andes. Higher MNTD values in WSE are likely due to proportionally older divergence dates for WSE bird species that are often related to other non-forest species from surrounding areas (Oren 1981 , Capurucho et al. 2013 , Matos et al. 2016 .
The regions of greatest uncertainty in MPD scores are concentrated in areas of overall low species richness (Fig. 2, 3) . Regions of greatest uncertainty in MNTD scores are in western Brazil, eastern Peru, and southern Colombia -regions with the greatest concentration of species that lacked genetic data in the analysis of Jetz et al. (2012) (Supplementary material Appendix 1 Fig. A2 ). Depauperate regions may be more susceptible to topological variation, affecting MPD and MNTD scores as the placement of any one species has a disproportionately greater influence on branch lengths. The effect may be diminished if the region contains a limited range of closely related species; however, the taxonomic scope of this study means representatives from across the passerine tree are found at each location. MNTD scores are particularly affected by variation shallow in the tree, thus are more variable in regions with species lacking genetic information. Although both MPD and MNTD scores are likely affected by species richness, the discord in the geographic areas with the greatest variation for MPD and MNTD scores likely reflects different historical processes shaping community structure.
The greatest variability in MPD scores is in northern Colombia and Venezuela (Fig. 3) . This may reflect the closing of the Isthmus of Panama and the subsequent mixing of the, up until that time, South American suboscine community with oscine taxa from North America (Weir et al. 2009 ). After oscines colonized South America, new ecological opportunities resulted in significant diversification (Ricklefs 2002 , Kennedy et al. 2014 . As a result they dominate passerine communities in northern South America and Central America (Supplementary material Appendix 1 Fig. A8 ). This colonization scenario means that the South American oscine species with the longest terminal branches are located in the north (Supplementary material Appendix 1 Fig. A9 ). Significantly, older lineages have greater variation in branch lengths in the sampled phylogenetic data, particularly for taxa missing genetic data (Supplementary material Appendix 1 Fig. A10 ). Although suboscines are less abundant, the three longest terminal branches for suboscine taxa in the sampled phylogenetic data are from this region and are all missing genetic data in the analysis of Jetz et al. (2012) : grey-headed piprites Piprites griseiceps, rufous-breasted flycatcher Leptopogon rufipectus, and Antioquia bristle-tyrant Pogonotriccus lanyoni. The presence of species that represent comparatively old lineages with greater uncertainty as to their phylogenetic placement appears to be increasing the variation in MPD scores here.
The dispersal ability of species is thought to affect ecological and evolutionary processes across taxonomic, temporal, and spatial scales. Recent research has suggested that it is a driving force shaping Neotropical communities (Smith et al. 2014 , Dexter et al. 2017 , Oliveira et al. 2017 , allowing a single mechanism to explain the increased biodiversity in the region (Garzón-Orduña et al. 2015) . In this study, we tested whether this hypothesis applies to Passerine bird communities across northern South America. By performing a finescale analysis of community structure, we suggest instead a combination of processes (including dispersal) that may differ temporally and spatially across regions (and species) are driving community assembly in Amazonia. Our results also reinforce that dispersal by itself does not drive diversification; instead, it is the processes that sever gene flow between populations that stimulate differentiation.
